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NEM is one of the few tech-
niques that allows researchers
to manipulate various materials
by the selection of appropriate
liquid and process conditions.
The process can be used with
CAD systems for automation
and scaled up for mass produc-
tion, and has potential applica-
tions in single DNA detection
devices such as nanopores,
nanoscale interconnects in bio-
logical and semiconducting
devices, molecular sieves for
protein sorting and nanojets
for fuel or drug delivery.
Ajay Malshe, associate professor
in mechanical engineering at
University of Arkansas; K
Virwani and Devesh
Deshpaned, student resear-
chers and K P Rajurkar of the
University of Nebraska, present-
ed their results at the Interna-
tional Institution for Produc-
tion Engineering Research.
“With this technique, you can
remove on demand precisely
what you want to, where you
want to remove it,” Malshe said.
“Simple, but very powerful.”
Nano-EM is used to etch nano-
pores as small as 8-10nm diam-
eter on an atomically flat gold
surface.An STM with a plat-
inum-iridium atomically sharp
electrode tool, dipped in a
dielectric oil medium to apply
an electric field to the system
was used.The tool and the 
surface remain 2nm apart.As a
voltage passes through the sys-
tem, tunnelling electrons move
between tool and surface thro-
ugh the oil’ s molecules, caus-
ing precise ejection of gold
atoms, which creates tiny
pores.
Currently, creating a nanopore
by standard STM requires 
vacuum chambers. Frequently
samples must be transferred
between machine and examin-
ing instrument, taking time and
money.This is problematic for
manufacturers.
The researchers designed the
system so that the STM alter-
nates between acting as the
machining system and probe.
This enabled researchers to
create nanopores on the sur-
face and see the images simul-
taneously – an important
advantage in manufacturing,
as scientists can create a nano-
well, and immediately deter-
mine whether or not it has 
the correct atomic scale 
dimensions.
“Our long-term goal is to create
a complete nanofabrication 
laboratory on a microchip –
machining, deposition, metro-
logy and assembly events at
nanoscale, at a given time, at a
given place and according to
engineering specifications,” said
Malshe, co-founder and CTO of
NanoMech LLC,Arkansas
Research & Technology Park.
Nanoscale electro machining 
By surrounding fluorescent dyes
with a protective silica shell,
Cornell University researchers
have created fluorescent nano
particles, with possible applica-
tions in displays, biological imag-
ing, optical computing, sensors
and microarrays such as DNA
chips.
These are all applications for
which quantum dots have been
used or are being considered.
But the Cornell nanoparticles
offer an appealing alternative
because of their greater chemi-
cal inertness and reduced cost.
“People have done superb
experiments with quantum dots
that were not previously possi-
ble,” says Ulrich Wiesner, Cornell
associate professor of materials
science and engineering.
“Hopefully Cornell dots will
serve the same purpose and
offer new possibilities.There are
also some interesting physics
questions about how the new
dots work,”he adds.
Since optical microscopes can’ t
resolve individual molecules, and
electron microscopes can’ t be
used on living organisms, biolo-
gists often tag organic molecules
with fluorescent dyes in order to
track their movements through
biological processes, such as the
action of enzymes inside a living
cell.While it can’t see the mole-
cules, an optical microscope can
track the bright light given off
by the dye.
QDS which have been used for
the same purpose - are tiny par-
ticles of semiconductors such as
cadmium selenide that behave
as if they were individual atoms.
They can absorb light energy,
kicking their internal electrons
up to higher energy levels, then
release the energy by emitting
light.AQD fluoresces more
brightly than a dye molecule,
which is desirable in a marker.
Cornell dots, or CU dots are
nanoparticles consisting of a
2.2nm core in diameter, con-
taining several dye molecules,
surrounded by protective silica,
making the entire particle
25nm diameter. Researchers call
this a “core-shell architecture.”
Like QDs, CU dots are many
times brighter (20-30x) than
single dye molecules in solution
and resist “photobleaching,”
where dyes in solution rapidly
lose their fluorescence. CU dots
can be made with a wide vari-
ety of dyes, producing a large
assortment of colours.
The manufacture of CU dots and
early experiments with them are
described in a paper, “Bright
and Stable Core-Shell Fluores-
cent Silica Nanoparticles,” in
the journal Nano Letters 5 (1)
by Wiesner and his Cornell col-
leagues, Hooisweng Ow, Daniel
R Larson, Mamta Srivastava,
Barbara A Baird & Watt W Webb.
Unlike QD, CU dots are mostly
chemically inert.The silica shell
is silicon dioxide - essentially
glass. For use as biological
markers, QDs are encased in a
polymer shell -- a process that
adds to their already high man-
ufacturing cost. QD also con-
tain heavy metals like cadmium
that can leach through the
polymer shell and disrupt the
chemistry being observed. (see
http://www.three-fives. com
/optoelectronic_news/May/230
505Evident_T2MP_Tags.htm)
However,Wiesner says,“Silica 
is benign, cheap and easy to
attach, and it is totally 
compatible with silicon manu-
facturing technology.That
opens enormous possibilities in
the life sciences and in informa-
tion technology.”
The Cornell researchers tested
the use of CU dots as biological
markers by attaching an anti-
body, immunoglobin E (IgE),
and observing how this combi-
nation attached to cell recep-
tors on leukemia mast cells.
The dots also offer some
intriguing physics questions:
Why do they fluoresce so
brightly? In effect, the whole is
brighter than the sum of its
parts.“We have this enormous
brightness, and we don’ t know
exactly where it’ s coming
from,” says Wiesner.
Several explanations have been
offered. One is that the silicon
shell protects the dye mole-
cules from the solvent.
A second is that dye molecules
floating free can lose energy by
actions other than emitting
photons, but in the packed core
of the particle those other
actions are diminished.
The dots were created by 
Ow, then Wiesner’ s graduate
student.Webb, the S.B. Eckert
Professor in Engineering,
and Larson, a graduate student
in applied and engineering
physics now at Albert 
Einstein College of Medicine,
studied their photophysical
properties.
Baird, director of the Cornell
Nanobiotechnology Center, and
Srivastava, a postdoctoral
researcher, studied the dots as
labels on living cells.
The research was supported by
the National Science Founda-
tion, the state of New York and
Phillip Morris USA.
Quantum Dot Corp supplied
QD used for comparison.
Perhaps now EviTags Molecular
Plate T2-MP should get into the
running too.
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Schematic representation of a Cornell Dot, with several molecules of a fluorescent rhodamine dye encapsulated in the
center. The dye has been modified with a group that links to the encapsulating silicon. Copyright © Cornell University. 
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